Oxydothis species are associated with monocotyledons including Arecaceae (palms), Pandanaceae, Poaceae (Bamboo) and Liliaceae and have been recorded as endophytes, pathogens and saprobes. Species of Oxydothis form singly or in clusters, as darkened, raised regions or dots on the surface of host. This paper clarifies the placement of Oxydothis and related species based on morphological characteristics and phylogenetic analyses using recent collections from Thailand. Oxydothis species are characterized by cylindrical asci, with a J+ (rarely J-) subapical ring and filiform to fusiform, hyaline, 1-septate ascospores, tapering from the center to spine-like, pointed or rounded ends. Phylogenetic analyses generated from maximum likelihood and Bayesian analysis of combined ITS, LSU and SSU sequence data indicate that Oxydothis species form a distinct lineage related to Vialaeaceae and Iodosphaeriaceae. We introduce a new family Oxydothidaceae in Xylariales with six new species based on morphological characteristics and phylogenetic analyses. We provided notes on the lifestyle of this genus which may throw light on the nature of many saprobic microfungi.
Introduction
Oxydothis (Sordariomycetes) species are usually found on monocotyledons, especially on palms (Hyde 1993a , b, 1994 , Wong & Hyde 1999 , 2001 , Fröhlich & Hyde 2000 , Taylor & Hyde 2003 , Shenoy et al. 2005 , Hidayat et al. 2006 ). The genus Oxydothis was introduced by Penzig & Saccardo (1897) , and placed in Amphisphaeriaceae within Xylariales (Müller & Arx 1962 , 1973 , Wehmeyer 1975 , Samuels & Rossman 1987 , Eriksson & Hawksworth 1991 . The genus is characterized by the often-horizontal orientation of its ascomata; unitunicate asci with a J+ (rarely
Materials and methods

Collection, isolation and identification
Dead parts of different palm species were collected from Thailand ( Fig. 1 ). Materials were brought to the laboratory in Zip lock plastic bags and morphological characteristics were observed under a Motic SMZ 168 series dissecting stereo microscope. Ascomata were photographed using Axio camera. Hand sections of the fruiting structures were done with a razor blade and mounted in water for microscopic studies and photomicrography. Micro-structures were observed under a Nikon ECLIPSE 80i compound microscope and photographed by a Canon 600D digital camera fitted on the microscope. Measurements were made with an Image Frame Work program. Figures were processed by Adobe Photoshop CS5 Extended version 10.0 for making photo-plates.
Single ascospore isolates were obtained following the method of Chomnunti et al. (2014) . Contents of the sectioned ascomata were transferred to a drop of sterile water on a flame-sterilized slide. Drops of the spore suspension were spread on a Petri-dish containing MEA and incubated at 25°C overnight. Germinating ascospores were transferred to a fresh MEA media (Alves et al. 2006 , Liu et al. 2012 .
Holotypes of Oxydothis species introduced in this study are deposited in the herbarium of Mae Fah Luang University (MFLU), Chiang Rai, Thailand, and duplicated in the Cryptogamic Herbarium, Kunming Institute of Botany, Academia Sinica (HAKS). Ex-type living cultures are deposited in Mae Fah Luang Culture Collection (MFLUCC). Facesoffungi and Index Fungorum numbers were obtained following Jayasiri et al. (2015) and Index Fungorum (2016) respectively. 
DNA extraction, PCR amplification and sequencing
Genomic DNA was extracted from fresh mycelium grown on MEA for two weeks at 25-28°C using the Biospin Fungus Genomic DNA Extraction Kit (BioFlux®) following the manufacturer's protocol (Hangzhou, P. R. China). ITS5 and ITS4 primer pairs were used to amplify the ITS and 5.8S region of the rDNA molecule (White et al. 1990 ). LSU was amplified using LROR and LR5 primers pairs (Vilgalys & Hester 1990 ). NS1 and NS4 primer pairs were used to 1428 amplify SSU. Amplification reactions were performed in 25 µl of total reaction which contained 9.5 µl of sterilized water, 12.5 µl of 2 × Easy Taq PCR Super Mix (mixture of Easy Taq TM DNA Polymerase, dNTPs, and optimized buffer (Beijing Trans Gen Biotech Co., Chaoyang District, Beijing, PR China), 1 µl of each primers, and 1 µl of DNA template. The amplification were performed with an initial denaturing step of 3 minutes at 94°C, followed by 35 cycles of 30 seconds at 94°C, 50 seconds annealing at 52°C, then 1 minute at 72°C for ITS, 30 seconds at 94°C, 50 seconds annealing at 55°C, then 1 minute at 72°C for LSU and SSU, a final extension of 10 minutes at 72°C and final hold at 4°C. PCR products were viewed on 1% agarose electrophoresis gels stained with ethidium bromide. PCR products were sequenced by Shangkai Majorbio Biopharm Technology Co, Ltd, China.
Sequence alignment and phylogenetic analyses
A BLAST search was used to reveal the closest matching taxa. Sequence alignment was performed using MAFFT (Katoh et al. 2013 ) online software (http://www.ebi.ac.uk/Tools/msa/mafft/). Sequences were firstly analyzed and prepared in MEGA6 (Tamura et al. 2013) . Data were converted from fasta to nexus format with Clustal X (Thompson et al. 1997 ). The models of evolution were determined with MrModeltest 2.2 (Nylander 2004 ) under the Akaike information criterion (AIC). The models selected were SYM+I+G for ITS and SSU, GTR+I+G for LSU and GTR-GAMMA for the combined dataset (Nylander 2004) . Maximum likelihood analysis was performed by RAxML GUI v.0.9b2 with 1000 bootstrap replicates (Silvestro & Michalak 2010) . The number of replications was inferred using the stopping criterion. Bootstrap values greater than 50% were accepted. Four chains were run for the individual and combined data sets. Posterior probabilities (PP) (Rannala & Yang 1996 , Zhaxybayeva & Gogarten 2002 were determined by Markov Chain Monte Carlo sampling (MCMC) using MrBayes v3.1.2 (Huelsenbeck & Ronquist 2001) , with fifteen million generations and sampling frequency of every 100 generations. The first 15,000 trees were excluded as burn-in phase based on suggestion from Tracer. Bayesian posterior probabilities (BYPP) were calculated from the remaining 12,000 trees and values greater than 0.90 were accepted. The phylogenetic tree was visualized with Tree View32 (Page 1996) . 
Results
Phylogenetic analyses
Sequences used in the analyses were selected based on recent publications on Xylariomycetidae (Daranagama et al. 2015 , Senanayake et al. 2015 , Maharachchikumbura et al. 2015 . Cordana inaequalis and C. pauciseptata were used as outgroup taxa. The topology of the trees produced by (ML) and Bayesian analyses methods were similar and the best scoring ML tree is shown in Fig. 2 . Species of Oxydothis clustered together and form a distinct clade within Xylariales with low bootstrap support in the ML analysis but high posterior probabilities in Bayesian analysis (51% ML, 0.95 PP), this is probably because of lack of molecular data for many missing or extinct genera. The Oxydothidaceae clade formed a sister clade to Vialaeaceae and Saprobic, endophytic or parasitic on petioles or leaves of monocotyledons, especially palms. Sexual morph: Ascomata immersed, solitary or aggregated, clustered in large groups or single, ellipsoidal or subglobose, slightly raised from host surface with light or darkened discs, with most taxa lying horizontal to the host surface. Peridium 1-18 × 2-36 (x ̅ = 8 × 16 μm, n = 15) thickwalled, brown to dark brown, and/or peridium cells merging with the host tissue. Paraphyses hypha-like, filamentous, irregular, septate, persisting between asci, but often fragmenting in dried material. Asci 8-spored, unitunicate, cylindrical, pedicellate, with a J+ (rarely J-), subapical ring. Ascospores fasciculate, fusiform or filiform, 1-septate, tapering from the center to spine-like, pointed or rounded ends. Appressoria (11-)22(-36) μm high × (5)-12(-22) µm diam., solitary, hyaline, light green, light brown, irregular in shape, thick-walled. Asexual morph: Hyphomycetous Selenosporella sp. Conidiophores, mononematous, 30-45 × 4-6 µm diam. at the base, (1−)2−3-septate, unbranched or 1-branched, brown olivaceous, thick-walled at below, thin-walled and colourless at above. Conidiogenous cells 10-15 µm high, with a minute scar. Conidia (17-)23-27(-29) × l-1.5(-2) µm, arcuate, unicellular, colorless, distinct obviously differentiated apex or base (described from Samuels & Rossman, 1987) . Appressoria produced by germinating ascospores in some species, solitary, hyaline, light green, light brown, irregular in shape, thick-walled.
Notes -Oxydothidaceae species are mostly saprobic or endophytic on leaves, rachides or petioles of palms, although one species appears as a pathogen (Fröhlich & Hyde 1994 , Hyde 1994 , Pinnoi et al. 2006 . Species of Oxydothidaceae are characterized by thin-walled ascomata, which usually develop within a darkened stroma or a raised blistering area on the host surface, unitunicate and cylindrical asci, often with a J+ apical ring, and 1-septate, hyaline, fusiform or filiform ascospores, which taper at the ends. Phylogenetic analysis indicates that Oxydothidaceae species cluster together as a distinct clade (51%, ML, 0.95, PP), and sister to Vialaeaceae and Iodosphaeriaceae in Xylariales (Fig. 2) . The new family differs from others families in Xylariales in having immersed ascomata or slightly raised from the host tissues, and filiform or fusiform, 1-setate, hyaline ascospores. Thus, Oxydothidaceae is introduced as a new family in Xylariales (Sordariomycetes) based on morphology and phylogeny.
Oxydothidaceae, Vialaeaceae, and Iodosphaeriaceae share similar characters, as asci have J+, subapical rings and ascospores are hyaline (Cannon 1995 , Senanayake et al. 2014 , Li et al. 2015 . They probably also share similar endophytic life modes and becoming saprobes when the host dies (Wong & Hyde 1999 , Promputtha et al. 2007 ) and may be pathogenic when the host is stressed (Fröhlich & Hyde 1994 , McTaggart et al. 2013 . They differ as in Vialaeaceae ascomata form in pseudostroma in circular groups, and have central ostioles and elongate necks. In Iodosphaeriaceae species, ascomata are superficial, with brown flexuous hairs radiating from the peridium surface, with pore-like ostioles and lacking necks. In Oxydothidaceae species, ascomata form under slightly raised, blistering areas, and have their axis oblique or perpendicular to the host surface, each with an individual neck (Cannon 1995 , McTaggart et al. 2013 , Senanayake et al. 2014 , Li et al. 2015 , Maharachchikumbura et al. 2016 . The ascospores also differ: in Vialaeaceae 1432 they are 1-3-septate, elongate, strongly isthmoid, with fusiform to rhombic ends (Cannon 1995 , McTaggart et al. 2013 , Senanayake et al. 2014 , Maharachchikumbura et al. 2016 , in Iodosphaeriaceae they are ellipsoidal to fusiform, aseptate, and surrounded by thick mucilaginous sheath (Li et al. 2015) , while in Oxydothidaceae they are fusiform or filiform, 1-septate and tapering from the center, to spine-like, pointed or rounded ends. Oxydothidaceae species are mostly endophytes and saprobes on palms and other monocotyledons, while Vialaeaceae and Iodosphaeriaceae species are only known from dicotyledonous trees, where they are also endophytes, weak parasites, and saprobes (Fröhlich & Hyde 1994 , Cannon 1995 , Li et al. 2015 . Although the three families are sister taxon, they are ecologically, morphologically and phylogenetically well-resolved groups, therefore we are confident that they are distinct families. Samarakoon et al. (2016) Hyde (1994) reported that most of Oxydothis species were found on palms. Some species were later introduced from other monocotyledonous (Fröhlich & Hyde 2000 , Shenoy et al. 2005 . The placement of Oxydothis has been unclear. Hyde (1993) suggested that the genus should be transferred from Amphisphaeriaceae to Hyponectriaceae based on its morphology. Subsequently, Kang et al. (1999) moved the genus to Clypeosphaeriaceae. According to the phylogenetic analyses of Jeewon et al. (2003) , Oxydothis is closely related to Leiosphaerella, but the placement was unclear. Our phylogenetic analyses indicate that Oxydothis is best placed in Xylariales in a monophyletic lineage (Oxydothidaceae) with the Vialaeaceae and Iodosphaeriaceae clades (Fig. 2) . The other genera that may be related to Oxydothidaceae are Ceriospora Niessl, Frondispora K.D. Hyde, Lasiobertia Sivan. and Leiosphaerella (Barr 1990 , Hyde 1993a , Shenoy et al. 2005 . μm, n = 10), outer cells merging with the host epidermal cells, comprising dark brown to black, walled cells of textura angularis. Asci 142-150 × 8-11 μm (x ̅ = 144 × 10 μm, n = 10), 8-spored, unitunicate, cylindrical, pedicellate, with a J+, wedge-shaped, subapical ring. Ascospores 48-50 × 4-5 μm (x ̅ = 48 × 5 μm, n = 20), 1-2-seriate, fusiform, tapering gradually from the center to the ends, centrally 1-septate, not constricted at the septum, with pointed ends, hyaline, with one large guttules at the central when immature, becoming two large guttules when mature in each cells, smooth-walled. Asexual morph: Undetermined. Appressoria not formed.
Culture characters -Ascospores germinating on MEA within 24 hours. Colonies on MEA, grey to olivaceous, surface rough, margins smooth, produced rudimentary ascomata, hyphae, septate, branched, smooth-walled ( Fig. 9 viz a) (Fig. 2) . Oxydothis calamicola is distinct from these two species in having smaller ascomata, and ascospores with spine-like ends. Culture characters -Ascospores germinating on MEA within 24 hours and germ tube producing appressoria. Colonies on MEA, smoky-grey to dark green, margins smooth, dense at the center, with fairly fluffy, as double rings, hyphae, septate, branched, smooth-walled (Fig. 9 viz b It however differs from these species in host, the size of ascomata and ascospores, and shape of ascal apical ring (Fröhlich & Hyde 2000) . Oxydothis garethjonesii is phylogenetically related to O. frondicola (95% ML, 0.99 PP) and O. daemonoropsicola as basal branches (52% ML, 0.93 PP) (Fig. 2) . Culture characters -Ascospores germinating on MEA within 24 hours and germ tube was produced from end cell with developing appressoria structure. Colonies on MEA, olivaceous, rough on surface, produced ascomata-like, colony growing like double rings, hyphae, septate, branched, smooth (Fig. 9 viz c) .
Oxydothis garethjonesii
Material examined -THAILAND, Krabi, on dead petiole of Metroxylon sagu (Arecaceae (Sivanesan 1970 , Fröhlich & Hyde 1994 , Hyde 1994 . Oxydothis parasitica is a pathogen causing leaf spot disease of Licuala ramsayi (Fröhlich & Hyde 1994) .
Phylogenetic analyses indicate that Oxydothis metroxylonicola is closely related to O. palmicola (87% ML, 0.99 PP), with O. calamicola as a basal clade without bootstrap support. Oxydothis metroxylonicola differs from O. calamicola and O. palmicola in having raised blistering ascomata on host surface, and differently shaped, J+, subapical rings. 1438 (x ̅ = 25 × 10 μm, n = 10) solitary, single, hyaline to light green, irregular in shape, thick-walled.
Oxydothis metroxylonis
Culture characters -Ascospores germinating on MEA within 24 hours and germ tubes developing appressoria. Colonies on MEA, olivaceous, rough, producing rudimentary ascomata at the center, slightly fluffy at the margins, hyphae, septate, branched, smooth-walled ( Fig. 9 viz d) .
Material examined -THAILAND, Krabi, on dead petiole palm, Metroxylon sagu Rottb. (Arecaceae), 8 December 2014, S. Konta, KBR04e (MFLU 15-0029, holotype; HKAS 95040, isotype); ex-type living culture, MFLUCC 15-0283.
Notes -Oxydothis metroxylonis is similar to Oxydothis oraniopsis in ascospore shape, however, it is distinct in having globose to subglobose, non-blistering ascomata, ellipsoidal in transvers-section, asci with a J+, wedge-shaped apical ring, and multi-guttulate ascospores. Oxydothis oraniopsis forms dome-shaped, subglobose to cylindrical ascomata, has J+, discoid ascal rings. Phylogenetic analysis place Oxydothis metroxylonis as a basal clade clustering with O. calamicola, O. cyrtostachicola Hidayat et al., O. metroxylinicola and O. palmicola with moderate support (78% ML, 0.94 PP) (Fig. 2) , but the species have very different ascomata. Culture characters -Ascospores germinating on MEA within 24 hours and germ tube developing appressoria. Colonies on MEA, grey to olivaceous, white at the center, dense, with fairly fluffy surface, hyphae, septate, branched, smooth-walled ( Fig. 9 viz e) .
Oxydothis palmicola
Material examined -THAILAND, SongKhla, Hatyai, on dead leaf Eleais guineensis (Arecaceae), 16 June 2015 , B. Thongbai, SK01c (MFLU 15-2339 ; ex-type living culture, MFLUCC 15-0806.
Notes -Oxydothis palmicola resembles O. linospadicis J. Fröhl. & K.D. Hyde in ascospore shape, but differs in its lenticular ascomata, and shape of ascospores. In our phylogenetic analysis, O. palmicola clusters with O. metroxylonicola. Oxydothis palmicola, however, it differs from O. metroxylonicola; in its host, in having non-blistering ascomata, the shape of the ascospores, the J+, subapical ring (Figs. 5, 7 ) and in culture characteristics (Fig. 9 viz c, e) . Both O. palmicola and O. metroxylonicola produce appressoria from germinating ascospores. 1440 the host surface. Peridium 10-14 (x ̅ = 12 μm, n = 10), outer cells merging with the host epidermal cells, comprising dark brown to black, cells of textura angularis. Asci 103-150 × 8-12 μm (x ̅ = 123 × 10 μm, n = 10), 8-spored, unitunicate, cylindrical, pedicellate, with a J+, wedge-shaped, subapical ring. Ascospores 47-50 × 3-5 μm (x ̅ = 49 × 4 μm, n = 20), 2-4-seriate, fusiform, tapering gradually from the center to the ends, centrally 1-septate, not constricted at the septum, with pointed ends, hyaline, with large multi-guttules in each cell, sometimes smaller near the ends, smooth-walled. Asexual morph: Undetermined. Appressoria not formed.
Oxydothis rhapidicola
Culture characteristics -Ascospores germinating on MEA within 24 hours and germ tubes produced from end cells. Colonies on MEA, white, grey and olivaceous, rough on the surface, producing ascomata-like structures, hyphae, septate, branched, smooth-walled (Fig. 9 viz f) . 
Discussion
Oxydothis is a distinct genus of Xylariales that occurs mostly on rachides, petioles and leaves of Arecaceae (60 species), Pandanaceae (2 species), Liliaceae (1 species) and Poaceae (3 species). Most previous studies used stromata, orientation of ascomata and ascospore characters as a basis for distinguishing genera and species. Müller & von Arx (1962) used the ascomata as the most important characteristic to distinguish Oxydothis from Leiosphaerella. Hyde (1994) mention that the ascoma orientation in species of Oxydothis is species dependent, with some having ascomata that are parallel to the host surface (e.g. O. grisea), while in others it can be oblique or perpendicular (e.g. O. nypae K.D. Hyde & Nakagiri) . The ascospore is a unique and reliable characteristic when distinguishing species of Oxydothis, especially their shape (Hyde 1993b , 1994 , Shenoy et al. 2005 . Most Oxydothis species are saprobic on leaves, rachides and petioles, while a single species is pathogenic (Fröhlich & Hyde 1994 ) and some species are endophytes (Hyde 1994 , Fröhlich et al. 2000 . Oxydothis species may also be host-specific (Zhou & Hyde 2001) .
Oxydothis was placed in the order Xylariales (Sordariomycetes) based on phylogenetic analyses and morphological characteristics (Kang et al. 1998 , 2002 , Smith et al. 2003 , Hidayat et al. 2006 . In this paper, phylogenetic analyses of combined ITS, LSU and SSU sequence data (Fig 1) indicate that Oxydothis can be placed in Xylariales (Fig. 1) with moderate support. Oxydothis species cluster as a monophyletic group and are placed within the new family Oxydothidaceae in Xylariales. The low bootstrap values in some cases are probably because we did not obtain ITS sequence data for O. chiangraiensis and O. calamicola.
An asexual morph has only been reported for a single Oxydothis species (Samuels & Rossman 1987) . Most Oxydothis species have not produced an asexual morph in culture, except O. selenosporellae Samuels & Rossman. Hyde (1994) could not find the asexual morph of Oxydothis on media, although mature ascomata were produced. In our study, we also could not obtain the asexual morph and found only ascomata in culture in some strains.
In this study, we observed that appressoria were produced by germinating ascospores in four of the six species, even though the ascospores were from apparent saprobes. Appressoria are penetration structures produced in pathogenic taxa and aid infection of the host (Xu & Hamer 1996 , Bechinger et al. 1999 ) and have rarely been observed in saprobic fungi (Phukhamsakda et al. 2016) . They are specialized infection structures for penetrating plants that are differentiated from the tips of fungal hyphae when they come into contact the plant surface (Xu & Hamer 1996) . The appressoria produced in this study were the irregular type with rigid melanin-pigmented cell walls. It is remarkable that saprobic taxa produce appressoria and this suggests that they may be adaptations for an endophytic life style. It is thought that endophytes live asymptomatically within the tissues of host plants and become active at host senescence and become the first colonizers of dead material (Hyde et al. 2007 , Promputtha et al. 2007 . Oxydothis species are the initial colonizers of dead palm material (K.D. Hyde, pers obs). Our observations therefore suggest that as Oxydothis species produce appressoria, they can infect healthy plants as endophytes and then become early colonizers of dead material as saprobes.
